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(71) We, Marconi Instruments 
Limited, a British Company, of Marconi 
House, New Street, Chelmsford, Essex, 
CM1 1PL, do hereby declare the invention, 
5 for which we pray that a patent may be 
granted to us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement : — 
This invention relates to oscillation 

10 generators and more particularly to oscil- 
lation generators of the kind in which a 
voltage tunable oscillator is caused to be 
automatically tuned to the sum or difference 
of or between a reference frequency and 

15 a variable so-called off-set frequency, smaller 
than the reference frequency, by mixing the 
oscillator frequency with the reference fre- 
quency in a mixer, comparing the resultant, 
mixed output, with the variable off-set fre- 

20 quency in a phase comparator and using the 
resultant of the second comparison to cause 
the voltage tunable oscillator to be swept 
in frequency until it locks in m-phase rela- 
tionship with the aforesaid sum or difference 

25 frequency. Such oscillation generators are 
of wide application, notably in instruments 
for testing and measuring the performance 
of radio, electronic high frequency com- 
munication and like apparatus. 

30 The invention is illustrated in and ex- 
plained in connection with the drawings ac- 
companying the Provisional Specification in 
which 

Figure 1, which is provided for purpose of 
35 explanation, is a block diagram of a typical 
known oscillation generator of the kind re- 
ferred to; 

Figure 2 is a block diagram which is used 
to explain two embodiments of this inven- 
40 tion, and 

Figure 3 is an explanatory frequency dia- 
gram of the spectral type. 

In describing the figures typical practical 
values of frequency will be mentioned but 
45 it is to be understood that these are by way 
of example only. 

Referring to Figure 1 the block 1 repre- 
sents a voltage tunable oscillator, normally 
an oscillator including a turning element in 
50 the form of a varactor diode included in its 



frequency determining circuit. Output from 
this oscillator is taken off for utilisation at 
an output terminal 2 and is also fed back 
to constitute one input to a frequency mixer 
3 the second input to which is a reference 55 
frequency, in the present example of 100 
MHz, applied at terminal 4 from a reference 
oscillator (not shown)— normally a crystal 
oscillator. The resultant of mixing is fed 
through a bandpass filter 5 passing (in this 60 
example) 1 — 2 MHz, to one input of a phase 
comparator 6, the second input to which is 
constituted by a variable off-set frequency 
(in this example, variable over the range 
1 — 2 MHz) applied at terminal 7 from a 65 
variable frequency oscillator (not shown). 
The output from comparator 6 is fed through 
a low pass filter 8 passing (in this example) 
frequencies below 100 KHz to an amplifier 
9 and hence to a search oscillator 10 operat- 70 
ing at, say, 10 Hz, which sweeps the tunable 
oscillator until it locks in phase at the sum 
of or difference between the reference fre- 
quency and the off-set frequency. 

The known generator shown in Figure 75 
1 is satisfactory if the separation of the sum 
and difference frequencies is large compared 
with the drift and tolerances of the tunable 
oscillator 1. When this is not the case, how- 
ever, there is ambiguity as to whether lock- 80 
ing-in will occur on the sum frequency or 
the difference frequency and either range 
(98—99 MHz or 101—102 MHz) may be 
produced as determined by random switch- 
ing or like transients which may cause the 85 
said oscillator to approach the locking fre- 
quency from above or below. This is a 
serious defect which it is the object of the 
present invention to overcome. 

An oscillation generator in accordance 90 
with the invention comprises a voltage tun- 
able oscillator, frequency mixer connected 
to mix output from said oscillator with a 
reference frequency; a first phase compara- 
tor connected to compare output from said 95 
mixer with an off-set frequency; a second 
phase comparator having two input channels 
one fed from the mixer and the other fed 
with the off -set frequency, one of said input 
channels having a phase shift of 90° rela- 100 



1,374,638 



tive to that of the other; a sweep or search 
oscillator; means for stopping said sweep 
oscillator sweeping if, and only if, the output 
of said second comparator is of a predeter- 
5 mined sign; means for combining output 
from said sweep oscillator with output de- 
rived from said first comparator; and means 
for utilising output from said combining 
means to control the tuning of said tunable 

10 oscillator. 

m Conveniently a 90° phase shifter may be 
included in the input channel through which 
the off-set frequency is supplied to the 
second comparator. 

15 Preferably a threshold circuit is inter- 
posed in a channel between the second com- 
parator and the sweep oscillator to prevent 
the passage of signals of less than a pre- 
determined threshold magnitude. 

20 Preferably a band pass filter is interposed 
in the path between the mixer and the first 
comparator, and low pass filters are inter- 
posed in the paths between the first com- 
parator and the combining means and be- 

25 tween the second comparator and the sweep 
oscillator. 

Figure 2 serves to illustrate two embodi- 
ments of the invention, one being a modi- 
fication of the other. For one embodiment 

3V this figure should be regarded as though the 
broken line block were not present, the two 
blocks between which it is shown being in 
direct connection. For the modified embodi- 
ment the figure should be read as drawn. 

35 The former embodiment (broken line block 
absent) will first be described. 
The references 1 to 9 inclusive in Figure 

2 refer to the same parts as the correspond- 
ing references in Figure 1. In Figure 2 the 

40 two inputs to the phase comparator 6 are 
designated VI and V2, the former being the 
off-set frequency inputs from terminal 7 
and the latter being the input from the mixer 

3 after filtering by the filter 5. It can be 
45 shown that, in the phase locked condition 

VI and V2 will be in phase quadrature, 
VI leading or lagging on V2 in dependence 
upon whether the feed back loop has locked 
° n ^ c ? um or ^ erence frequency. If one of 

50 these signals is subjected to a further 90° 
phase shift a phase opposition situation will 
be set up. In the particular embodiment 
illustrated by Figure 2, VI is shifted by 90° 
by a phase shifter 11 producing an output 

55 signal, designated V3, which in the phase 
locked condition is in phase or in phase op- 
position to V2. Signals V2 and V3 are ap- 
plied respectively to the two inputs of a 
further phase comparator 12 the outDut from 

o0 which is filtered by a low pass filter 13. It 
will be at once apparent that the output 
designated V4, from the filter 13 will be of 
one sign if phase locking has occurred on 
£ e . sum frequency and of the opposite sign 

65. if it has occurred on the difference fre- 



quency: thus if the sum frequency is re- 
quired, the filtered output from 13 may be 
arranged to be positive in which case said 
output will be negative if phase locking 
occurs on the difference frequency. The out- 70 
put from 13 is employed to control the 
search oscillator 10. 

In Figure 2 the search oscillator 10 is not 
connected (as in Figure 1) to the amplifier 
9 but (ignoring for the moment the broken 75 
line block) to the output of the filter 13 and 
the outputs of said search oscillator 10 and 
_ of the amplifier 9 are combined in a sum- 
mation circuit 14, the combination output 
from which controls the tuning of the tun- 80 
able oscillator 1. 

When an oscillation generator as shown 
in Figure 2 and as above described is 
switched on, the search oscillator 10 may 
cause the tunable oscillator 1 first to sweep 85 
to the unwanted frequency (assumed above 
to be the difference frequency) and thus 
cause the output signal V4, from the filter 

13 to be negative. The arrangement is such 

that, in this condition — V4 negative the 90 

search oscillator 10 continues to search, con- 
tinuing to unbalance the loop because of the 
signal it contributes to the summation circuit 

14 until the "hold" frequency range is ex- 
ceeded and phase lock is lost. Eventually 95 
the search oscillator, in continuing its search- 
ing, will cause the tunable oscillator 1 to 
lock on the desired (assumed sum) fre- 
quency. In this condition V4 is positive and 

the arrangement is such that, in this condi- 100 
tion, the search oscillator 10 is caused to stop 
searching, thus leaving the oscillator 1 
locked in on the desired frequency. 

In a modification of the embodiment above 
described, means are provided for ensur- 105 
ing that the tunable oscillator cannot lock 
in at undesired other lock positions due to 
harmonics of either VI or V2 or both. Figure 
3 is a spectral diagram showing theoretically 
possible lock modes for a case where the 110 
frequencies have the values given in con- 
nection with Figure. 1, the reference fre- 
quency being assumed to be 100 MHz and 
the off-set frequency to be 2 MHz. As will 
be apparent from Figure 3 there are many 115 
possible lock positions due to harmonics of 
VI or V2 but, in any practical embodiment, 
these will be at least lOdB down as com- 
pared with lock positions due to the funda- 
mental frequencies. Accordingly by providing 120 
a threshold circuit for V4 it can be ensured 
that the search oscillator 10 will be stopped 
only by a positive value of V4 above the 
threshold value. Such a threshold circuit is 
represented by the broken line block 15 in 125 
Figure 2. Taking the example of lOdB men- 
tioned above, V4 might be (to quote prac- 
tical figures) +1V for the wanted signal, 
+ 0.32V for the second harmonic, +0.1V 
for the third harmonic ... and still lower 130 
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values for still higher harmonics. In such 
a case, by setting the threshold circuit 15 to 
respond only to signals exceeding 4-0.5V 
all false locks due to harmonics would be 
5 eliminated. 

WHAT WE CLAIM IS:— 

1. An oscillation generator including a 
voltage tunable oscillator; a frequency mixer 

10 connected to a mix output from said oscil- 
lator with reference frequency; a first phase 
comparator connnected to compare output 
from said mixer with an offset frequency; 
a second phase comparator having two input 

15 channels one fed from the mixer and the 
other fed with the off-set frequency, one of 
said input channels having a phase shift of 
90° relative to that of the other; a sweep 
or search oscillator, means for stopping said 

20 sweep oscillator sweeping if, and only if, the 
output of said second comparator is of a 
predetermined sign; means for combining 
output from said sweep oscillator with out- 
put derived from said first comparator; and 

25 means for utilising output from said com- 
bining means to control the tuning of said 
tunable oscillator. 

2. An oscillation generator according to 
claim 1 wherein a 90° phase shifter is in- 



cluded in the input channel through which 30 
the off-set frequency is supplied to the 
second comparator. 

3. An oscillation generator according to 
claim I or 2 wherein a threshold circuit is 
interposed in a channel between the second 35 
comparator and the sweep oscillator to pre- 
vent the passage of signals of less than a 
predetermined threshold magnitude. 

4. An oscillation generator according to 
any preceding claim wherein a band pass 40 
filter is interposed in the path between the 
mixer and the first comparator, and low 
pass filters are interposed in the paths be- 
tween the first comparator and the combin- 
ing means and between the second compara- 45 
tor and the sweep oscillator. 

5. An oscillation generator substantially 
as hereinbefore described with reference to 
Figure 2 of the drawings accompanying the 
Provisional Specification. - ^ 

I. R. MUIR, 
Chartered Patent Agent, 
Marconi House, 
New Street, 
Chelmsford, 
Essex, VH11PL, 
Agent for the Applicants. 
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